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High-performance optical communication 
systems demand high power and will benefit 
from cutting optoelectronic component cost 
via more efficient manufacturing. Given that 
(0 increasing demand for bandwidth is driv- 
ing an exploding market for lasers and 
(ii) existing laser design does not exploit the 
high-yield processes developed by IC and 
VCSEL manufacturers, next-generation laser 
technology needs to be designed for high- 
volume manufacturing. Novalux explains how 
they tackle this with their Novalux Extended 
Cavity Surface Emitting Laser (NECSEL), 
launched at March's OFCaool conference. 
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Figure I. Schematic diagram 
showing a cross section of 
Novalux's NECSEL device 
structure, which use a three- 
mirror coupled cavity design. 
As Leader of the Quantum Electronics Group at the 
MIT Lincoln Laboratory, DrAram Mooradian (later 
founder and chief technical officer of Novalux) 
set out to engineer anew laser technology which 
combined the power of conventional edge-emit- 
ting lasers and the manufacturability of low-power 
vertical cavity surface-emitting lasers (VCSELs). 
This has since led to the design of the NECSEL 
Emitted Light -~ 
(Novalux Extended Cavity Surface Emitting Laser) 
- a novel structure of epitaxial layers to produce 
a stable, fundamental spatial mode, high-power 
beam of light emitting from a lithographically- 
defined aperture on the surface of the device. 
Staffed by an experienced, high-volume production 
team, Novalux is driving manufacturing process 
development through the use of metrology and 
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other common IC techniques which are needed 
to improve yield and lower cost. High information 
turn processes developed at Novalux (i.e. quickly 
processing a large amount of information from a 
wafer, analysing it and using it to improve the 
next wafers processed) will enable the laser 
industry to adopt high-volume automated pro- 
duction lines and the increased use of foundries 
and out-sourcing. 
Alternative laser technologies: 
EELs vs VCSELs 
VCSELs are manufacturable in very high volume 
and fulfil many of today's data communicat ions 
applications. However, conventional 
surface-emitting lasers have shown very high 
powers from large apertures (320 mm), but only 
in a highly multi-mode beam ( -3500 modes). 
They have never been taken to higher powers 
for fibre-optic telecom lasers, which require 
single-mode operation. 
That market space was left to edge-emitting 
lasers, which are limited in optical power  by 
catastrophic optical damage and require external 
gratings for wavelength stabilisation. In addition, 
the manufacturing process is more expensive 
due to the difficulty in thoroughly testing the 
die before labour-intensive assembly into a 
high-cost package. 
The N ECSEL structure 
Details of the NECSEL structure were first publicly 
released at the Optical Fiber Communications 
2001 conference in Anaheim, CA, USA, held in 
March. 
The device is an electrically pumped InGaAs sur- 
face-emitting laser that has both the optical 
mode and the wavelength control led by an 
extended cavity. These lasers have produced 
record power and brightness levels in both 
multi-mode and single-mode operation. Output 
power  levels of more than 1 W cw from a multi- 
mode (beam quality parameter M2 - 10-20) 
device and more than 500 mW cw in aTEM00 
mode (M 2 - 1.2) have been achieved. 
The NECSEL device is a three-mirror, coupled 
cavity design (see Figure 1). Electrical current is 
injected through a circular p-aperture defined by 
a silicon nitride layer, whi le the n-contact has an 
anti-reflection coated circular aperture to allow 
the beam through to the external mirror. 
The epitaxial n-mirror reduces the effective loss 
from band-edge absorpt ion in the substrate and 
controls the output wavelength. The p-mirrors 
are soldered to the heat sink for efficient heat 
removal. A key to achieving high performance is
reducing or eliminating carrier crowding effects 
in the gain region for efficient power extraction 
in a fundamental or low-order spatial mode 
while at the same time keeping both  the sub- 
strate optical absorption and the electrical resist- 
ance low. 
Because of the large aperture, the optical 
intensity is far be low the catastrophic limit. 
These lasers can also be driven to several 
t imes the cw roll-over current  wi thout  
degradation, w i th  powers  l imited only by 
junct ion temperature.  
Also due to the large aperture, the output beam 
has a low divergence ( -  3 mradians full angle 
half maximum) and is perfectly circular. 
Fibre coupling efficiencies are about 90% and 
coupled powers of more than 420 mW cw have 
been achieved from 150 mm diameter lasers and 
uncoated single-mode fibres. In multi-mode 
operation, >85% coupl ing into 50 run core 
multi-mode fibres has been demonstrated.These 
lasers have the advantage of maintaining funda- 
mental mode operation as the device diameter 
is increased, allowing scaling to yet higher 
power  levels. 
The extended passive cavity controls both the 
longitudinal and transverse modes, similar to 
conventional solid-state lasers.The spectrum of 
Figure 2. A typical Fabry-Perot 
in-process wafer map, which 
can be created through the 
entire line. 
These lasers have 
the advantage of 
maintaining 
/:undamental 
mode operation 
as the device 
diameter is 
increased, 
allowing scaling 
to yet higher 
power levels. 
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Figure 3. Data from Novalux's 
newly developed auto-probe 
platform is combined with 
data obtained via statistical 
process control for each 
process step to build a 
complete wafer map, 
Novalux next 
plans to com- 
merciaUse other 
products based 
on NECSEL tech- 
nology, including 
transmitters (both 
fixed and tunable 
low-chirp devices 
using other com- 
pound materials). 
Figure 4. Spectral output 
under TEMoo mode operation. 
The resolution bandwidth in 
this measurement was 
broadened to 5 nm 
to observe the broad 
background. 
the TEM00 output is narrow and occurs in a sin- 
gle longitudinal mode when the devices 
operate in aTEM00 mode.As much as 500 mW 
has been demonstrated in a single frequency. 
The laser wavelength is stabilised near 980 nm 
by the short-cavity Fabry-Perot and shifts with 
temperature ata rate of only ~0.07 nm/°C. 
Manufacturability 
The most critical tool in the NECSEL manufactur- 
ing process is the ability to use advanced metrol- 
ogy early in the process.This capability, adopted 
from the high-volume silicon business, signifi- 
cantly reduces crap and therefore the cost of 
goods sold (COGS). 
Novalux was formed to commercialise the 
NECSEL technology, and works closely with epi- 
wafer foundry IQE (Europe) Ltd (Cardiff, Wales, 
UK), where epitaxial growth on GaAs substrates 
is carried out using MOVPE. By using precision 
MOVPE, wafers have been produced that outper- 
form any other semiconductor laser available for 
long-haul telecoms. 
The NECSEL device is a three-mirror, coupled 
cavity design. Epitaxial DBR (distributed Bragg 
reflector) layers forms two of the mirrors, while 
the third is an external mirror.The gain region 
and the Bragg mirrors are grown on GaAs wafers 
with several InGaAs strain-compensated quantum 
wells. Both p- and n-mirrors use graded interface 
structures to reduce the electrical resistance.The 
mirrors comprise dozens of very thin epitaxial 
layers, each several atoms thick. 
Metrology is used throughout the manufac- 
turing process. Starting with the bare wafer, 
measurements are taken at each module. 
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Each measurement point is stored in a database 
which creates an in-process wafer map (e.g. see 
Fabry-Perot in Figure 2) through the entire line. 
By using state-of-the-art metrology equipment, 
Novalux maintains trict SPC (statistical process 
control) for each process tep.The data collected 
is combined with data from the newly-developed 
autoprobe system (see Figure 3) to build a 
complete wafer map.This methodology reduces 
the optoelectronic component manufacturing 
learning cycles to weeks rather than months. 
This is the heart of Novalux's production 
strategy. 
The perfectly circular output beam has relatively 
large alignment tolerance (10x simpler than for 
edge-emitting lasers) and enables new packaging 
technology for low cost and high throughput. 
In order to begin production immediately, 
Novalux is strategically developing the packaging 
lines in a modular fashion. P1, the initial line, is 
functioning in a semi-automated fashion as 
more equipment isdeveloped and tested. 
Each module, as the company progresses from 
P2, P3 and so on, will see an increasing level of 
automation as systems currently on the drawing 
board are finished. 
Accelerated lifetime tests with over 1,000,000 
device hours show that these lasers exhibit 
reliability characteristics of low power VCSELs, 
as expected given their similar materials, current 
densities and operating temperatures. 
Future applications 
Novalux has demonstrated xtended-cavity 
surface-emitting lasers with the power and 
performance needed for high-power telecoms for 
this generation and beyond with single-element 
devices capable of producing several watts of cw 
power.The flexibility of the platform makes it a 
candidate for completely replacing the current 
edge-emitting standard for high-power lasers. 
Novalux next plans to commercialise other 
products based on NECSEL technology, including 
transmitters, both fixed and tunable low-chirp 
devices using other compound materials. New 
materials and lower components cost play a 
large role in the penetration of fibre to metropol- 
itan regions and small and large businesses 
across the country. 
The flexibility of the NECSEL makes it appropri- 
ate for use in other areas. Suitable lasers are 
being sought for application, in sensors, projection 
displays, lighting and medical applications. 
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